Bull. Inst. Zool., Academia Sinica 20(1): 75-82 (1981) 


EFFECTS OF ESTROGEN ON SERUM GONADOTROPINS 


IN THYROIDECTOMIZED-OVARIECTOMIZED RATS! 


W. CHIA-Mo WAN, CHAO-ING LEE, FON-YI YIN 
and CHING-FONG LIAO 


Endocrinology Laboratory 
Institute of Zoology, Academia Sinica 
Taipei, Taiwan 115, 
Republic of China 


(Received December 5, 1980) 


W. Chia-Mo Wan, Chao-Ing Lee, Fon-Yi Yin and Ching-Fong Liao (1981) 
Effects of estrogen on serum gonadotropins in thyroidectomized-ovariectomized rats. 
Bull. Inst. Zool., Academia Sinica 20(1): 75-82. This study was designed to examine 
the responsiveness of pituitary of athyroid-ovariectomized rats (Tx-Ovx) upon the 
first contact with estrogen, and to observe the response of FSH release in a dose of 
the steroid which is sufficient to induce LH release in those rats. The gonadotropins 
were measured by radioimmunoassay. The ovaries of 4-day cycling rats were removed 
after 30 days of thyroidectomy. The first single dose of estradiol benzoate (EB, 10 
vg /100 g) was injected sc 14 days following ovariectomy. Serum LH in Tx samples 
was found less than 50% of the controls, while in samples following Ovx reached 17 
times of the controls. By 4, 28 and 50 hrs after the lst EB, the LH decrease to 4, 3.6 
and 8 times of the controls. Three days later, another EB of the same dose was in- 
jected, 21 and 63 times of LH increase were observed 4 and 24hrs later. This addi- 
tional increase of serum LH in Tx-Ovx is slightly higher than that of sham-thyroi- 
dectomized-Ovx rats (0.1>p>0.05). Parabolic curve-fitting for the changes of serum 
LH following the Ist EB revealed that the hourly-change ratio in Tx-Ovx group 
(b=1.88) is 3.4 times as that of the sham-operated controls (6=0.54). No obvious 
FSH change was observed, except in the increments following Ovx. It was reported 
previously by this laboratory that a decrease of hypothalamic LHRH content was 
found in athyroid rats, presumably resulting from enhanced release of the hormone. 
Thus, it is suggested that the pituitary in a higher LHRH ‘environment’ of athyroid 
rats response more vigorously than in a lesser LHRH ‘environment’ to the treatment 
of estrogen. 


Gadun of hypothyroid rats were 
reported to be deficient both in pituitary and 
in serum‘ë»7:+10,19, Administration of estrogen 
to ovariectomized (Ovx) rats has been reported 
to cause a surge in LH“), and this surge was 
enhanced in the absence of thyroid hormones 
and it was suggested that the thyroid hormones 
may play a role in modulating the secretion‘?! 


In order to inspect the estrogen-induced surge 
of LH in thyroidectomized (Tx) and Ovx rats, 
consecutive injections of estrogen were given to 
the rats for priming. However, sprayed rats 
injected with a single does of estrogen showed 
significant decrease in serum LH at least in 7 
days and the lowest values were found in the 
first two days. (9) It is possible that the respon- 
siveness of the pituitary of athyroid rats following 
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Ovx may not the same as that of euthyroid-Ovx 
rats in the first contact with estrogens, continual 
injections of estrogen for several days may 
mask the true ability of pituitary gland in 
responding to estrogen in thyroid deficiency. In 
this report, estrogen induced LH surge in Tx- 
Ovx rats is reexamined by two single injections, 
and the changes of serum LH following the 
first estrogen injection are specially emphasized. 


MATERIALS AND METHODS 


Animal treatments. Sprague-Dawley female 
rats from National Laboratory Animal Resources 
-National Taiwan University-Medical College 
Hospital, Taipei, were transferred to our animal 
room (6:00 AM-6:00 PM light on, 23+1°C) for 
one month period of acclimation. The rats, at 
175-220 g and 90-93 days-old with 4-day cycling, 
were subdivided at random for Tx and sham- 
thyroidectomy (S). Twenty-eight days after the 
operation, ovaries of all the rats were removed 
(Ovx). Blood samples were obtained by heart 
puncture before and after the operations and 
also in the following experiments. The rats 
were then subjected for two subcutaneous in- 
jections of estradiol benzoate (EB; Sigma Co.) 
homogenated in olive oil in a dosage of 10 wg/ 
100g body weight™. The first injection was 
at 14 days following Ovx and bleeding at 24 
(10:30-11:20 AM), 28 and 50 hrs after the in- 
jection. Three days elapsed before the second 
injection was given’, and blood samples were 
then obtained 4 (4:00-4:45PM) and 28 hrs 
following the injection. 

Thirty-five days after the last injection of 
EB, all the rats were subjected for 2 olive oil 
injections (0.1 ml/rat) subcutaneously with three 
days in between. Blood samples were obtained 
24 and 28 hrs after the first and 4 and 28 hrs 
after the second injection. The oil administra- 
tions were at the same time of the day as EB 
treatments. 

Radioactive iodine-131 uptake for all the 
rats were done 8-10 days following the oil ad- 
ministration with a modified process from 
other investigators“). A dose of 0.2 wC/0.1 ml 
saline of It was injected to the rats, intra- 


peritoneally, and an identical sample was save 
for total injected count. Forty-eight hrs after 
the injection the rats were killed, thyroid glands 
and/or trachea, a piece of thigh muscle and 
serum were collected and weighed. The count 
rate of all the specimens were obtained over a 
scintillation counter (Beckman gamma 8000). 
The estimation of tissue percent uptake was 
calculated as follows. 


Tissue cpm/g—muscle cpm/g x 100 
Total cpm—Background cpm 


U%= 


All the data of Tx rats with a tracheal U% 
higher than that of serum were eliminated, and 
data of S rats with thyroid U% lower than 
20% were not included in this report. 


Radioimmunoassay. Serum samples were 
stored at —20°C until hormone assay. Serum 
LH and FSH were measured by specific radio- 
immunoassay (RIA) using materials obtained 
from the NIAMDD Rat Pituitary Distribution 
Program (USA). LH and FSH concentrations in 
serum from individual sample were assayed in 
triplicates followed the instructions of NIAMDD. 
The results are expressed as NIAMDD-Rat LH- 
RP-1 or in terms of NIAMDD-Rats FSH-RP-1. 
The statistical quality control for assays was 
followed the description of Rodbard et al.®. 
Radioactive iodine—125 were purchased from 
the Radiochemical Center, Amersham, England. 

Statistical analyses were followed the 
descriptions of Sokal and Rohlf@”. 


RESULTS 


Serum LH and FSH levels in Tx and Tx- 
Ovx rats. As shown in Tables 1 and 2 (groups 
SE and TxE), both serum LH and FSH levels 
in rats after the sham Tx operation show no’ 
difference from that of control measurements, 
while after Tx, LH level is significantly lower 
than that of control but not in FSH. Follow- 
ing Ovx, LH increases 8 times and FSH 7 in S 
group, 17 and 8 times in Tx group as compared 
with the control samples. There is significant 
difference in LH, but not in FSH, between S 
and Tx groups. It is obvious that the rate of 
increment of LH is much faster in Tx group 
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TABLE 1. 
Effects of estradiol benzoate (EB) on serum LH (ng/ml) of thyroidectomized (Tx) 
and ovariectomized (Ovx) rats 
Intact control value=67.0+3.9(15)* 


EB (10 ug/100 g) or oil (0.1 ml) injected 


Groups Tx Tx +Ovx Hours after Ist injection after 2nd injection 
| 24 28 50 4 24 
so _ 743.2 - 6913.8 775.8 | _ 984.4 601.8 
> +121.6 + 167.3 + 137.2 +:286.3 4284.9 
(4) (3) (3) (3) (3) 
SE 68.8 562.4 568.6 297.6 640.8 1181.2 3491.5 
+18.8 + 109.1 + 120.0 +47.4 + 123.8 + 130.3 +617.8 
(8) (6) (7) (6) (5) (7) (7) 
TxO 1364.9 1120.9 1260.6 _ 1107.9 1582.8 
+ 240.4 +38.5 + 124.1 + 150.9 + 183.9 
(8) (4) (7) (6) (8) 
TxE 30.0 1155.7 282.4 244.1 561.1 1406.1 4207.4 
+5.8 +118.1 +40.1 +30.7 + 164.4 士 331 .4 +446.2 
(10) (10) (9) (9) (9) (9) (9) 


nn e a R A R 


* Mean+SEM, numbers in parentheses indicate the sample size. 
SO: Sham-operated thyroidectomy with olive oil injections. 
SE: Sham-operated thyroidectomy with estradiol benzoate injections. 
TxO: Thyroidectomized with oil injections. 
TxE: Thyroidectomized with estradiol benzoate injections. 
Analysis of variance: Significant level at 0.05. 
Nonsignificant in all SO groups and TxO groups. 
` Significant in TxE and SE groups. 
LSR: (groups numbered as 1~7, for Tx, Tx+Ovx, etc. in the main body of the table). Please refer 
to text for significant between SE and TxE groups. 


SE 1 2 3 4 5 6 7 
1 T 
TxE 1 2 3 4 5 6 7 


than in S group in a 14-days period following EB 1 and 24 hrs to 7 times. In S group, the incre- 
Ovx. ment of LH level following EB 2 are 2 and 5 
Effects of EB on serum LH and FSH of times respectively. The EB 2-LH levels of Tx 
Tx-Ovx rats. LH Serum LH of Tx-Ovx rats rats are slightly higher than that of S rats (0.1> 
is suppressed to a level below that of Tx-Ovx p>0.05; Table 1 and Fig. 1). FSH As shown 
samples in 24 and 28 hrs by first EB injection in -Table 2, obvious increase of serum FSH 
(EB 1), but not to the intact control level. following Ovx can be observed, but the influence 
Fifty hrs after EB 1, LH increase to a level of EB on FSH level after Ovx is not clearly 
double that of 28 hrs. The EB 1 suppression demonstrated in this report (Table 2, TxO vs 
in S-Ovx rats only shows in samples 28 hrs TxE). A slight but significant higher FSH level 
after the injection. Four hrs after the second (p<0.05) was observed in Tx rats 24 hrs than 
EB injection (EB 2), serum LH level of Tx-Ovx 4 hrs after EB 2. 
rats reaches to twice as much as 50 hrs following Oil Controls. Neither LH nor FSH in all of 
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TABLE 2. 


Effects of estradiol benzoate (EB) on serum FSH (ng/ml) of thyroidectomized (Tx) 
and ovariectomized (Ovx) rats 


Intact control value=256.64:78.7(6)* 


en SS RS er PSS Pere PUT m m 
EB (10 #g/100 g) or oil (0.1 ml) injected 


Group Tx Tx +Ovx Hours after Ist injection after 2nd injection 

24 28 50 4 24 
2179.2 2261.9 1744.6 1546.7 
SO — + 544.7 +110.8 +303.5 _ 1896.7 224.8 

(4) (3) (3) (3) 
SE 298.7 1753.9 1574.5 1791.7 1476.1 1503.0 2411.6 
+100.1 ' +141.4 + 137.5 + 108.1 +131.1 + 504.3 

(3) (7) (7) (6) (6) (7) 
TxO 3482.4 3563.8 3629.6 B 2904.5 2674.7 
+329.9 +290.0 +376.8 +308.6 + 199.3 

(7) (6) (6) | (5) (6) 
TxE 207.2 2147.0 1978.1 2102.0 1870.5 1445.9 2603.7 
+31.4 +219.3 +137.3 +123.9 +155.1 +98.2 +416.1 

(7) (7) (9) (9) 


(8) 


See Table 1 for other explanations. 
Nonsignificant in SO and Tx groups, 
Significant in SE and Tx groups 


LSR: 
SE l 2 3 4 5 6 7 
eee ae a 
TxE 1 2 3 4 5 6 7 


the samples with oil administration shows any 
significant variation, but the hormonal level in 
all Tx samples are significant higher than that 
of S group (SO and TxO in Tables 1 and 2). 


DISCUSSIONS 


A significant decrease of serum LH level 
was observed in Tx rats but not in S rats 
(Table 1). This is in agreement with the findings 
of other investigators >>7>910513518,19) On the 
contrary, our earlier findings in Tx proestrus 
rats an increase of LH following Tx was 
observed@”, Jt is proposed that the difference 
is due to the variations of estrogens in blood. 
In this report, the LH level in Tx (diestrus) 
rats is lower than in S (diestrus) rats, where 
the estrogen concentration may not be ina 
great difference. Following the 2nd injection 


of EB, which was intended to mimic the 
estrogen level in proestrus rats, there is a 
slight serum LH increase. This slight increment 
of serum LH may become even obvious if 
one scrutinizes the individual data (Fig. 1), 
and it was observed that individual variations 
in LH release following estrogen administration 
is rather large“). It is suggested that the 
estrogen changes in phenomenal proestrus (such 
as examined by vaginal smear) is coincident 
with the changes of the responsiveness of pitui- 
tary gland to the positive feedback stimulation 
of gonadal steriods, thus LH level is higher in 
Tx proestrus rats. Further investigation is 
needed in this aspect. 

This investigation was designed to have the 
pituitary synthesis and/or release as much as 
TSH during the time after Tx (30 days) and to 
observe the serum LH changes after Ovx. 
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Fig. 1. Serum LH concentrations in rats after 


thyroidectomy and ovariectomy, and 
sham thyoidectomy operation and ovari- 
ectomy. Ovx: ovariectomy EBI-1 to 
EBI-3: 4, 28 and 50hrs after first est- 
radiol benzoate injection (10 xg/100 g). 
EB2-1 and EB2-2, 4 and 24 hrs after 2nd 
estradiol benzoate injections. Time be- 
tween lst and 2nd injection was 3 days. 


Owing to the similarity of alpha subunits in 
TSH and LH, the TSH manufacture following 
Tx may utilized most of the sources of the 
subunits, this may be one of the reasons for 
lowering LH after Tx. If this is the case, the 
postovariectomy increase of LH should not have 
been seen in the rats after thyroidectomy. In 
the present report, a 38 (1155.7/30.0) times 
increase of LH is demonstrated in Tx rats after 
Ovx and 17 (1155.7/67.0) times as compared 
with controls (Table 1). This is in agreement 
with previous investigators(>!+1®, 

The present results indicate that also es- 
trogen injection is effective in inducing LH 
release from pituitary of Ovx rats either with 
or without thyroid hormones. Following first 
injection of EB (10 ug/100g body weight) a 
significant decrease of serum LH was observed 
in 24 and 28 hrs later in Tx-Ovx rats, 28 hrs 
in S group; and at 50 hrs the LH were all in- 
creased. Twenty-four hrs after the second in- 
jection of EB of the same dosage, LH increased 
tremendously both in Tx-(17 times) and in S- 
(11 times) Ovx rats in compared with the lowest 
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Fig. 2. Parabola curve fitting of serum LH with 


time pre- and post- first estradiol ben- 
zoate injection, and first derivatives of 
parabola equations (insert) indicating the 
hourly-change ratio (b). 


suppressed level (e.g. 63 and 52 times of con- 
trol values, Table 1). 

Single injection of estrogen was reported 
to keep serum LH low for at least 7 days in 
Ovx rats, but variated with individuals and time 
of the day‘®. It was reported that after es- 
trogen priming the Ovx-Tx rats with thyroxine 
replacements needed more estrogen to induce a 
preovulatory surge, and it was suggested that 
the thyroxine modulating the control center in 
hypothalamus“, 

By parabolic curve-fitting for serum LH 
changes in Tx- and S-Ovx rats after Ist EB 
injection, it is interested to note that the changes 
in Tx-Ovx group is more rapid than in S-Ovx 
group. The first derivatives of parabolic equa- 
tions show that the hourly-change ratio of 
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serum LH in Tx-Ovx rats is 1.88, and in S-Ovx, 
0.54. This indicates that pituitary responses to 
estrogen stimulation are more vigorously in ‘envi- 
ronment’ without than with thyroid hormones 
(Fig. 2). It was found in our laboratory that 
LHRH content in female rats gradually decreased 
to 36% of the normal control 70 days after 
Tx in proestrus®, and the lowering of LHRH 
implied an increase of the hormone release. 
This can be explained by the decrease of adeno- 
hypophyseal LH content in hypothyroid rat 
(7,10,18~20, It is possible that in the present 
report the pituitary of Tx rats is in a ‘environ- 
ment’ of higher LHRH concentration than in 
S rats, and the excess amount of LHRH may 
potentiate the responsiveness of pituitary to 
estrogen. The higher responsiveness are indicated 
by (1) the faster increase of serum LH upon 
the removal of ovaries in Tx rats (Table 1), (2) 
the higher hourly-change ratio following the 
Ist injection of EB (Fig. 1). This explanation 
is under the presumption that the effect of 
thyroid hormone is acted by way of hypothala- 
mus through a biogenic amine process ?!), 
however, the direct effect of thyroid hormones 
on pituitary LH release can not be excluded. 
Example of cross-effect between pituitary-thyroid 
axis and ovarian steroid had been reported where 
TSH content of pituitary decreased following 
estrogen administration”. The bioassayble LH 
of pituitary. was not changed in Tx-Ovx rats@», 
but the total immunoreactive LH was higher 
and the release of the LH in response to LHRH 
was greater in Ovx-Tx rats than Ovx-sham 
thyroidectomized rats(23). Preincubated with 
estrogen the synthesis and release of LH of 
pituitary was reported to be increased following 
LHRH stimulation >*+%12), The potentiation of 
LHRH on estrogen effect in vitro remains to be 
investigated. 

Serum FSH levels showed no variation after 
Tx, but increased significantly following Ovx. 
Except the samples of 28 hrs after 2nd EB 
injection in Tx group, no change of FSH was 
observed following EB treatments. The effect 
of estrogen on FSH surge still uncertain, a rise 
of plasma FSH was reported to occur in Ovx 


rats following the administration of estradiol but 
the mechanism has not been elucidated“*. In 
the present report, it was designed to study that 
a dose of estrogen which is sufficient to induce 
LH surge upon injection would also change the 
FSH release in Tx-Ovx rats. The results indicate 
that the withdrawal of thyroid hormones only 
enhancing responsiveness of pituitary to estrogen 
in LH release. 
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OEM KING RAR ARSE 
BER ERZ KBAR BRE 


雌性 成 熟 大 白鼠 於 去 除 甲 状 腺 后 30 o> FINS > AL 14 BRASS CREE) 108/100 
克 体 重 注入 (此 稳 第 一 次 注入 )， 第 一 次 注入 和 后 3 日 再 作 第 二 次 注入 ， 血 中 LH 及 PSH 以 放射 免疫 测 
定 法 测定 。 本 次 实验 发 现在 无 甲状 腺 之 吹 鼠 可 因 嘱 集 激素 之 缺 如 及 动情 素 之 注入 而 产生 较 有 甲状 逐 忌 篇 
大 之 LH gk > FSH 变化 不 明显 。 以 抛物 糠 答 笋 时 ， 一 次 微分 的 硅 果 可 知 无 甲状 腺 鼠 LH 的 血 中 省 度 
因 切 去 卵 乐 及 一 次 注射 的 每 小 时 移 化 垮 5=1.88， 而 有 甲状 腺 者 篇 5=0.54， 相 差 3.6 倍 。 此 可 能 由 於 切 
除 甲状 腺 后 增加 LHRH 分 泌 ， 而 使 觅 下 腺 涯 动情 素 敏 感 的 结果 。 


